INTRODUCTION {#sec1-1}
============

The pits and fissures especially on the occlusal surfaces of the teeth make them vulnerable to dental caries. Although occlusal surfaces constitute only 12.5% of the total surfaces of teeth, they account for 50% of all the carious lesions in school children.\[[@ref1]\] Pits and fissures have unfavorable morphology that makes salivary access to these areas difficult, thus minimizing fluoride deposition and remineralization.\[[@ref2][@ref3]\] Preventive resin restoration was first suggested by Simonsen, whereby, the susceptible fissures where opened up with a small tapered fissure bur prior to restoring the cavity with diluted composite.\[[@ref4]\] The advantages of sealing include: Lower cost in comparison to that of restorations, and a nine fold decrease in the occurrence of caries in comparison to unsealed teeth.\[[@ref5]\] The technique was developed by Buonocore, whereby the enamel surface was first etched using orthophosphoric acid. Etching removes contaminants, creates micropores and microprojections. It also increases the surface energy, making the surface easily wettable.\[[@ref6]\] Resin then penetrates and polymerizes in the enamel micropores, forming a mechanical bond with the tooth.\[[@ref7]\]

The use of flowable restorative systems has increased mainly because of their beneficial properties such as low viscosity, low modulus of elasticity and ease of handling. However, the preventive effects of these sealants would depend on their ability to meticulously seal pits, fissures and anatomical defects, without detaching either partially or completely.\[[@ref8]\] In this study, we wanted to compare the ocurrence of enamel fractures, sealant fractures and marginal fissures immediately and six months after the placement of three sealants: Helioseal F (ivoclarvivadent), Conseal F (SDI) and Clinpro (3M ESPE US). The null hypothesis assumed was that there would be no difference among the sealants with regard to the factors considered.

MATERIALS AND METHODS {#sec1-2}
=====================

Individuals aged between 13 and 15 years, who visited the Department of Conservative Dentistry and Endodontics, were inspected for the following criteria:

The permanent mandibular first and second molars were erupted.These teeth were affected with pit and fissure caries on visual examination (after air-drying), and revealed values between 16 and 20 on the DIAGNOdent (KaVo, USA).These teeth had no visible hypoplastic defects or fractures.

The first 30 individuals who fulfilled the above criteria were chosen for the study after a written consent was obtained from each of them for the procedures to be carried out. Alginate impressions were made of the lower arch for each patient, from which casts were fabricated with Type 3 dental stone. Modeling wax of one millimeter thickness was used as a spacer with four orientation stops. The special tray was prepared with self-cure acrylic on the cast after the spacer was covered with aluminum foil. After the special tray was prepared, the wax was gently removed along with the aluminum foil. The tray was trimmed and retention holes were made on them. Among the permanent mandibular molars, the first molars and either of the two second molars (whichever had a larger clinical crown length facilitating better rubber dam placement) were chosen for sealant placement in each of the subjects.

The selected teeth were isolated under rubber dam (HYGENIC DENTAL DAM, coltènewhaledent) with high and low volume suction units, cleaned with pumice and rubber cup, and washed thoroughly with water through a three way syringe. A round diamond abrasive point (Fissurotomy micro STF, SS White) on an air-rotor headpiece with water spray was run across the occlusal pits and fissures maintaining a depth of one millimeter. There was no carious material left behind on the concerned teeth after the preparations. The cavities were etched for 15 seconds with 35% orthophosphoric acid (ivoclarvivadent). The three different sealants were placed at random on the selected teeth for each patient in the following way: In the first subject, sealant A was placed on 36, sealant B on 46 and sealant C on 37/47. In the next subject, the order was shifted from the next tooth onwards, that is, sealant A on 46, sealant B on 37/47 and sealant C on 36, and so on. The type of sealant and the concerned teeth were noted for each of the subjects. The sealants were placed strictly according to their manufacturers' instructions. After sealant placement, they were checked for high points with articulating paper, and if found, were reduced with composite finishing stone (Shofu, Shofu Dental Corporation). Thereafter, the restorations were polished with pumice and rubber cup. A tray adhesive (Virtual, ivoclarvivadent) was applied to the acrylic special tray, after which, monophase polyvinyl siloxane (Virtual, ivoclarvivadent) was loaded on the tray and teeth with a dispensing gun (ivoclarvivadent). Impressions were made according to manufacturers' instructions and casts were fabricated with high strength Type 4 die stone, 30 minutes after the impressions were taken. Dies were prepared for each tooth, under which, the type of sealant placed was noted by an operator to ensure a blind microscopic analysis. The dyes were then sputter coated with gold (SPI-MODULE) in order to be examined under a scanning electron microscope (SEM JEOL JSM 5800 LV).

The following morphologies were analyzed for teeth in each of the groups under the SEM using the SEM scale (1 μm):

Continuous margins \[[Figure 1a](#F1){ref-type="fig"}\]Sealant fracture \[[Figure 1b](#F1){ref-type="fig"}\]Marginal fissures \[[Figure 1c](#F1){ref-type="fig"}\]Enamel fracture

![(a) Continuous margin (b) Sealant fracture (c) Marginal fissures](JCD-15-146-g001){#F1}

The microscopic measurements were then tallied with the corresponding sealant used. The values were statistically analysed with the paired '*t*' test (for intra-group comparisons) and One-way ANOVA (for inter-group comparisons). None of the subjects had any post-operative symptoms in the next six months. Thereafter, they were recalled for impression making, die preparation and microscopic evaluation in the above mentioned manner. Hence, the die samples were classified into three groups (*n*=30 for each group) based on the sealant used: Group A (Helioseal F), Group B (Conseal F) and Group C (Clinpro). Based on the time of evaluation, there were two groups: Initial group (soon after sealant placement) and final group (after six months).

RESULTS {#sec1-3}
=======

Statistical analysis using the paired 't' test was done for intra-group comparisons \[Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"}\]. The differences in sealant fracture values \[[Table 2](#T2){ref-type="table"}\] between initial and final samples were found to be highly significant for sealant A, significant for sealant B, and insignificant for sealant C. The differences in marginal fissure values \[[Table 3](#T3){ref-type="table"}\] were found to be statistically significant for sealant A and sealant B, and insignificant for sealant C. However, the One-way ANOVA, that was used for inter-group comparisons along with Post-hoc Tukeyhonestly significant difference (HSD) for individual group comparisons, revealed no significant results \[Tables [4](#T4){ref-type="table"}--[10](#T10){ref-type="table"}\]. Therefore, it may be considered that Clinpro has the greatest fracture resistance, followed by Conseal F and Helioseal F. The occurrence of marginal fissures was found to be least with Clinpro. Clinpro showed the best performance, six months post-operatively.
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DISCUSSION {#sec1-4}
==========

DIAGNOdent has been a popular device used worldwide in the diagnosis of dental caries. According to the operating instructions, DIAGNOdent readings between 11 -- 20 signify the presence of outer half enamel caries.\[[@ref9]\] Also, in a study by Shinohara *et al*., it was proved that DIAGNOdent readings between 16 and 21 were indicative of pit and fissure caries.\[[@ref10]\] However, in this study a combination of DIAGnodent readings and visual examination was used to ascertain the presence of dental caries. The success of sealants depends on three factors: Penetrability of the acid-etched enamel; marginal sealing; and, wear and abrasion resistance. A tolerable amount of sealant extending into the enamel of cuspal inclines is the key to successful bonding.\[[@ref11]\] Fissure enlargement using a bur enhances retention by allowing deeper penetration of the sealant and increasing the surface available for bonding.\[[@ref2][@ref12]\] Moreover, it removes the outermost prismless layer of enamel described as 'coral-like' by Garcia godoy and gwinett.\[[@ref13]\] In this study, the Fissurotomy Micro STF (SS White) bur was used, which are designed for recontouring fissures and accessing decay with minimal enamel removal. These are fast cutting, yet conservative during preparation. These are specifically indicated for enameloplasty, as its head length is 1.5 mm. The tapered shape of the bur allows the cutting tip to encounter very few dentinal tubules at any given time. It also minimizes heat build-up and vibration.

It is for the first time that the three sealants (Helioseal F, Conseal F and Clinpro) have been tested for marginal integrity. All the three sealants are resin based, fluoride releasing and light curable sealants. Helioseal F and Clinpro contained Bis-GMA (Bisphenol A Diglycidyl methacrylate) and TEGDMA (Triethyl glycol dimethacrylate) that function as matrix resin monomers. However, Conseal F is Bis-GMA free. It instead contains UDMA (Urethane Dimethacrylate) which has low shrinkage ability. UDMA is also a constituent of Helioseal F. The filler loading (percentage by weight) in Clinpro and Conseal F are six percent and seven percent, respectively. Lesser filler loading contributes to low viscosity values in these sealants. It also enables better penetrability into pits and fissures. However, Helioseal F has a filler loading of 43% by weight, making it more viscous in comparison to Clinpro and Conseal F. High viscosity contributes to stability and homogeneity of the sealant.

In this study, the differences between initial and final values were found to be highly significant for Helioseal F, significant for Conseal F and insignificant for Clinpro, with regard to sealant fracture. Moreover, the differences between initial and final values were found to be significant for Helioseal F and Conseal F and insignificant for Clinpro, with regard to marginal fissure formation. However, all other comparisons revealed insignificant results.

Marginal fissures occur due to polymerization shrinkage, which in turn is related to cavity geometry, quality of adhesion, curing process and the visco-elastic properties of the materials.\[[@ref14]\] However, the higher viscosity of Helioseal F did not seem to make the sealant more resistant to fracture or marginal fissure formation in comparison to the low viscosity sealants, Clinpro and Conseal F. Composites with high modulus of elasticity undergo high polymerization shrinkage, resulting in breakdown of the enamel-sealant micro-mechanical union.\[[@ref15]\] Moreover, depending on the size of the orifice and the support offered by the cuspal inclines, a potential weakness may occur in the sealant, and its loss might re-expose the fissure.\[[@ref16]\] The thermal expansion coefficient of sealants is significantly different from that of enamel, and the mechanics of expansion and contraction of teeth are different from those of sealants. These factors also contribute to microleakage and marginal fissure formation.\[[@ref17]\] Sealants are affected by salivary flow and composition that vary throughout the day.\[[@ref18][@ref19]\] Acidic pH affects the properties of restorative materials\[[@ref20]--[@ref22]\] and causes deterioration of the matrix-filler interface.\[[@ref23]\] These factors would certainly contribute to the fracture resistance of sealants. Sealant fracture and marginal fissure formation eventually contribute to microleakage, that ultimately leads to failure of the restoration. Hence it is necessary to use sealants of superior quality to minimize the occurrence of failures. Recently, the role of TiF4 as a pit and fissure sealant has been suggested based on its advantages such as high resistance; long retention period; less technical sensitivity; and reduced operating time.\[[@ref24]\]

*In vitro* methodologies such as the one used in this study have the advantage of quantifying the loss of sealant material, rather than an *in vivo* approach which would calibrate loss of material as present, partially present or absent. However, minor errors could have occurred while impressions were being taken, as little aberrations on the sealant might not have been registered by the impression material. Since linear measurements were taken through the SEM, minor curvatures in fracture lines could not be included while measurements were being taken. We suggest future studies comparing sealants after a longer post-application period with advanced evaluation techniques.

CONCLUSION {#sec1-5}
==========

It may be concluded from the confines of this study that Clinpro has the greatest fracture resistance, followed by Conseal F and Helioseal F. The occurrence of marginal fissures was found to be least with Clinpro.
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